PMMA cell enrichment module. The cell enrichment module was fabricated in PMMA using micro-replication via hot embossing, which has been reported previously. [5] [6] [7] Figure S1A -B depicts the topographical layout of the PMMA cell enrichment module. 8 The module contained 9.5 mm long, 16 curvilinear channels that were 15 µm in width and 80 µm in depth with a radius of curvature of 120 µm. The surface area of the 16 channels, which defined the cell selection bed, was 40 mm 2 with a volume of 250 nL. The width of each cell selection channel was chosen to maximize cell recovery by closely matching the selection channel width to the cell diameter. 9 While E. coli cells are oblate particles with dimensions on the order of 0.5 µm x 2 µm (short axis x long axis), limitations on the micromilling process required a channel width of 15 µm as a minimum. 2 However, using alternative strategies for preparing the molding tool, such as UV-LiGA, can significantly reduce this lateral dimension.
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Surface modification of PMMA and array preparation. Hot embossed PMMA microchannels were activated using an O 2 plasma. 4, 11, 12 Briefly, PMMA substrates were placed in a vacuum chamber for 1 min at 200 mTorr of oxygen pressure and 50 W of radio frequency using a Technics Series 8000 ion etcher (Surplus Process Equipment Corp., Santa Clara, CA).
For the universal array PMMA module following plasma irradiation, the substrates were soaked in 50 mg/mL EDC dissolved in a coupling buffer (pH 6.0) containing 5 mg/mL NHS for 10 min to form succinimidyl ester intermediates. The PMMA substrates were then rinsed with 18
MΩ nanopure water to remove excess EDC/NHS solution and dried with air. The freshly 
B B
A prepared EDC/NHS PMMA substrates were then mounted onto a vacuum holder of a PerkinElmer Piezorray ® non-contact microarraying instrument (Downers Grove, IL) through a custom made adapter. With the aid of a camera, 50 µM of 3'-amino-modified oligonucleotide probes (see Table S1 for sequences), separately dissolved in 0.2 M Na 2 HPO 4 /Na 3 PO 4 buffer (pH 9.0), were spotted onto the bottom (waveguide back-side) of the embossed microfluidic channel.
Dispensing volumes per spot were 330 ±30 pL and the size of the spots were ~150 µm in diameter. Following spotting, the PMMA substrates were incubated in a humidified chamber at room temperature for 4 h, washed with 0.1% SDS to remove any non-specifically bound oligonucleotides and finally dried with air. Following spotting, the PMMA module substrate was thermally fusion bonded to a PMMA cover plate to enclose the fluidic network.
Antibody immobilization to the cell selection walls of the PMMA enrichment module was carried out in a two-step process. 6 The UV-modified, thermally assembled module was flooded with a solution containing 4 mg mL -1 EDC, 6 mg mL was introduced into the channels and allowed to react for 4 h. The module was then rinsed with a solution of PBS (pH = 7.4) to remove any non-specifically bound anti-E. coli O157 antibodies.
PCR and LDR conditions. Two sets of PCR primers (see Table S1 for sequences) were used to amplify a 168-bp uidA gene from E. coli and a 250-bp sipB/C gene fragment from Salmonella. 13, 14 The PCR mixture consisted of 10 mM Tris-HCl (pH 8.3), 50 mM KCl, 1.5 mM The temperatures for the CF PCR were set at 95°C for denaturation, 60°C for annealing and 72°C for extension. As for the LDR, the temperatures were set at 95°C for denaturation and 65°C for ligation. CF PCR was performed at a volumetric flow rate of 1 μL/min, which provided a cycling rate of 44.6 s/cycle (8.8 s for denaturation, 8.8 s for annealing, 18 s for extension and 9
s for flowing the sample through a shallow channel connecting the extension to the denaturation zone), completing the 32 cycles for PCR in ~24 min. The CF LDR was operated at a volumetric flow rate of 2 μL/min producing a processing time of 4 min for 13 thermal cycles. 
Peripheral support equipment packaging and instrument operation (Figure S2A).
Operation of all peripherals (pumps, valves, heaters, laser and CCD camera) was achieved by an Instrument Control Unit (ICU). The ICU had an on-board microprocessor that communicated with all electronic subunits (digital-to-analog and analog-to-digital converters, CCD and stepper motor drivers, temperature monitors, etc.), which controlled their operation. It also communicated with the personal computer via a USB interface and could be programmed by the user through control software. The software allowed for control of all peripherals and was used for data collection and analysis. The software could operate in two distinct modes: (1)
Service mode that allowed for operator control of all hardware components individually; and (2) fully automatic mode, where all processing steps were performed according to predefined sequences without requiring any user intervention.
Two stepper-motor driven piston micro-pumps (LPVX0502600BC, Lee Company, USA) with a step resolution of 50 nL were used as positive displacement pumps (see Figure S2B) . prism. 15 Both the waveguide and coupling prism were incorporated into the array module and fabricated using the same embossing step for making the fluidic network.
Commercial polyimide (KAPTON ® ) heaters (Minco, USA) were used to deliver heat to the PCR and LDR thermal reactors. Heaters were attached to 2 mm thick Cu blocks to achieve uniform heat flux and distribution. Temperatures were controlled by type K thermocouples (CHAL-005, Omega Engineering, USA) placed in grooves milled into the Cu blocks. Integral to the heat management of the fluidic cartridge were thermal isolation grooves formed on the backside of the cartridge during the embossing step, which allowed for efficient thermal isolation between adjacent reaction zones. 1 During insertion of the fluidic cartridge into the instrument, it was pressed gently against the Cu heating block surfaces covered with conductive tape to provide good thermal contact. The Cu heating blocks provided the necessary temperatures for the CF PCR and CF LDR. All pumps and valve actuators were aligned with the corresponding valves and pumps and all external fluidic connections were made through the FDB to external bulk reservoirs. This process occurred simultaneously for all elements so after a single-loading step, the system was ready for operation. All active fluidic and heating elements were under microprocessor control so that once started, the process did not require operator intervention.
The modular system was designed to perform the following processing steps: (1) Cell enrichment (optional); (2) transported through the SPE bed. The SPE bed was washed with 85% ethanol to remove other cellular components and dried with air. Finally, the purified gDNA was released using 30 μL of the PCR buffer and pumped through the PCR CF thermal reactor at a flow rate of 1 μL/min.
Once the PCR was completed, 30 μL of an LDR reaction mixture was pumped through the cartridge at the appropriate volumetric flow rate. The resultant PCR amplicons were mixed with the LDR mixture via a passive Y-shaped micromixer possessing 40 μm wide and 100 μm deep inlet and outlet channels (aspect ratio = 3); the mixing ratio of PCR amplicons with the LDR mixture was 1 to 1. The resultant LDR products were directly pumped through the array module with the LDR products subjected to hybridization to surface-tethered zip-code probes. Following array wash with buffer (2x SSC, 0.1% SDS), fluorescence images of the arrays were collected using the optical reader consisting of a laser diode and CCD imaging sensor with a 12 mm x 3 mm field-of-view using an integration time of 20 s.
Supporting Results
Characterization of the waveguide module. For this module, the oligonucleotide zip-code probes were dispensed onto a plasma-activated PMMA surface using a noncontact spotting instrument, which eliminated any potential damage that could incur on the waveguide surface if using contact printing. Different methods of enclosing plastic channels to form a functional device have been reported, including solvent assisted bonding, 16, 17 thermal bonding, 18, 19 adhesive boning, 20, 21 laser welding, 22 or surface modifications. [23] [24] [25] In this study, the PMMA module was assembled using thermal fusion bonding at 107°C for 20 min following spotting of the arrays. When PMMA is heated to near its Tg, it approaches a viscoelastic state, 26 which could potentially damage the oligonucleotide probes or make them inaccessible due to the polymer chain mobility burying the probes into the bulk substrate. Therefore, the stability of these DNA probes was evaluated to determine whether the thermal fusion bonding process would affect the integrity of the probes. We carried out experiments in which oligonucleotide probes (zip-code 1 and zip-code 3, see Table S1 ) were tethered to a PMMA sheet using the consequence of the fact that we are using a universal array in this system. The zip-code probes and zip-code complements appended to the LDR primers can be designed to have a relatively high T m ; we have decoupled the mutation detection step from the hybridization process relaxing the need for strict hybridization stringency. Figure S3 . Effects of the thermal fusion bonding process on the stability of DNA probes. After 3'-aminemodified oligonucleotide probes (zip-code 1 and zip-code 3) were spotted onto the activated PMMA surface, PMMA sheets were either (A) heated to 107°C for 20 min or (B) not heated. The complements to zip-code probe 1 were dispensed onto both PMMA sheets followed by array hybridization, buffer wash and fluorescence imaging. The fluorescence intensity profiles from a vertical section of the middle two spots (see dotted yellow line) in (A) and (B) are shown in (C). Zip-code probe 3 served as the negative control (not a complement to the target) and zip-code 1 probed for the complementary sequence. The spot size of the universal array was ~150 μm in diameter. Each spot was done in duplicate and is represented in separate rows of the array.
Calibration curve and cell limit-of-detection. We evaluated the LOD in terms of the number of pathogenic cells we could detect with our assay and integrated system using E. coli O157:H7 as the target. Figure S4 presents a calibration plot of the fluorescence signal as a function of the starting E. coli O157:H7 cell number. The lowest cell number that produced a positive signal at a signal-to-noise ratio ≥2 was 100 cfu (colony forming units) of E. coli O157:H7. 
